T he senior author of this article, Dr. Hyakusoku, first described the propeller flap for reconstructing scar contractures of the axilla and cubital fossa in 1991. 1 The advantage of the propeller flap is that it can be rotated up to 180 degrees to cover an adjacent defect. The same group also developed the multilobed propeller flap technique to overcome the disadvantage of skin graft at the flap donor site after transposition. 2 The propeller flap can be either a random pattern flap or an axial pattern flap based on different types of pedicles: subcutaneous pedicle, perforator pedicle, muscle pedicle, and supercharged pedicle.
This article introduced the concept of the perforator pedicle propeller flap in reconstruction of trunk and extremity defects with preoperative multidetector-row computed tomography. They pioneered the use of imaging navigator technique to locate a suitable perforator around the defect area. This helps in the precise design of perforator pedicle propeller flaps and increases their success rate. Although the authors presented only a small series of cases, this article is innovative in its concept and is pushing one of the new frontiers of reconstructive microsurgery. The current imaging techniques are reviewed briefly in this discussion for so-called free-style perforator flaps.
The navigator plays the most important role in helping the mariner complete his or her voyage. In the history of microsurgery, the first attempt of mapping the arteries of the skin was by Manchot in 1889. 3 This was followed by Salmon 40 years later, who injected lead oxide into arteries to produce a radiograph of the vessels. 4 Milton focused attention on different patterns of blood supply to flaps, 5 but it was not until the 1980s that Taylor and Palmer introduced the concept of angiosomes. 6 They mapped a total of 374 dominant cutaneous vessels of 0.5 mm or larger throughout the body.
This enabled microsurgeons to have a clear roadmap of vessels supplying flaps and enhanced their ability to better design flaps, thus increasing the success rate of free flap transfer.
Since 1989, 7 perforator flaps and supermicrosurgery have emerged as the new frontiers in modern reconstructive surgery. 8 The vascular pedicle of the perforator flap could be raised from foliage to the roots. 5, 9, 10 The muscles and important vessels are preserved during harvest of perforator flaps, and perforator flaps can also be thinned and rotated around the perforator. All of these factors combine to give perforator flaps superior results in terms of donor-site morbidity and aesthetics of the recipient site. As a result, there has been much research in perforator morphology: where they are located, the size of the flap they supply, how they run underneath the flap, and the number and size of these perforators.
There is great variation of perforators not only among individuals but also between the different sides of the same patient. Therefore, several new imaging modalities have emerged to better characterize these perforators. Perforator imaging navigation is the term used to describe the process of identifying a perforator, mapping it preoperatively, and controlling its microsurgical movement precisely during surgery to improve the final outcome of the operation. The current modalities for perforator navigation include unidirectional handheld Doppler imaging, color Doppler ultrasound, computed tomographic angiography, and magnetic resonance angiography. Using different modalities would give different resolutions of perforator location. This would influence the speed and accuracy with which perforators can be located during the operation and the design of the flap. A shorter operation would mean less trauma and better recovery.
The unidirectional handheld Doppler examination is the most economical and common method of locating perforators, and it is noninvasive. However, it has very low resolution and tends to pick up signals from very small surrounding blood vessels other than the perforator. This results in a high false-positive rate. It is also unable to locate vessels that are deep, and the pressure of the probe on the skin interferes with the signals picked up. It is commonly used intraoperatively to follow the course of the perforator to the main pedicle. [11] [12] [13] Color Doppler ultrasonography is another modality of perforator navigation that is noninvasive and does not expose patients to radiation. Its greatest advantage is that it can give information on flow characteristics such as speed and resistance of blood flow of perforators and the main vessels. 12, 14, 15 From this information, we can determine the quality of the vessels and their suitability. The diameter of perforators greater than 0.5 mm can also be accurately measured, with a true-positive rate of more than 90 percent. Some recent articles have reported three-dimensional reconstructed images of blood vessels with color duplex and use of contrast-enhanced agent (SonoVue; Bracco Imaging B.V. Inc., Geneva, Switzerland) to better delineate the course of the perforator beneath the flap and how it joins the main pedicle. 16 Thus, there are still several surgeons that choose this method of imaging despite recent advances in computed tomographic angiography and magnetic resonance angiography. Color duplex is highly operator dependent. The operator needs to have some basic knowledge of blood supply of the flap, and the whole process of locating the perforators can take up to 1 hour and the results may not be reproducible. Because the color duplex probe is small, it can only show vessels in a small area, unlike computed tomographic angiography and magnetic resonance angiography, which can show surrounding vessels in a large area. 17 Color duplex can also be used intraoperatively, like the handheld Doppler device.
With recent advances in multidetector-row computed tomography technology, the scan can be obtained more quickly (15-minute exposure time) and at higher spatial resolution. Most hospitals are now equipped with 64-slice computed tomography scanners. Multidetector-row computed tomography was first used by cardiothoracic surgeons to delineate the anatomy of coronary vessels, and Masia et al. used the same technology to locate the perforators of the lower abdomen for breast reconstruction. 18 Mathes and Neligan also reported the use of multidetector-row computed tomography to detect and delineate the course of lower abdominal perforators for the same purpose. 13 It can clearly show the course of the perforator through the deep fascia, muscle, and skin. Rozen et al. detected 280 perforators in 42 deep inferior epigastric artery perforator flaps, with a positive predictive value of 99.6 percent. 19, 20 With three-dimensional reconstructed images, Hijjawi and Blondeel were able to study the anatomy of suprafascial and subfascial perforators. Instead of choosing the largest perforator (dominant perforator), they advocated choosing suprafascial perforators with a widely distributing branch pattern (preferred perforator) because they supply the medial, thicker portion of the flap better. With clear visualization of subfascial perforators, surgeons are able to tell which perforators are easier to dissect, how the perforators are connected, whether more than one perforator can be included, and the length of the main pedicle. With all of this information, the operating time is significantly reduced (average, 100 minutes). 21 Multidetector-row computed tomography is regarded as the current standard for preoperative imaging of deep inferior epigastric artery perforators. Other advantages include the ability to store the images on compact disks or universal serial bus drives, and images are easy to interpret without the need for a radiologist. Some disadvantages include claustrophobia during scanning and renal damage caused by intravenous contrast. The contrast media can also cause spasm of small blood vessels affecting the accuracy of the size of perforators detected. Patients are also exposed to a significant amount of radiation, 6 to 10 mSv, which is equivalent to exposure to ultraviolet rays for 3 years. This can cause damage to DNA, including BRCA (breast cancer gene). [22] [23] [24] Compared with multidetector-row computed tomography, the greatest advantage of magnetic resonance angiography is that patients are not exposed to ionizing radiation or iodinated contrast agents. Masia et al. reported 5 years of experience with different magnetic resonance imaging technologies and found that noncontrast 1.5-T magnetic resonance imaging fresh blood imaging proved to be highly valuable in mapping abdominal perforators. Compared with 3-T magnetic resonance imaging, 1.5-T magnetic resonance imaging was 100 percent accurate in showing perforator location and surrounding anatomy, and the whole process took only 10 to 20 minutes. 25 Greenspun et al. described an advanced magnetic resonance angiography protocol that used a gadolinium-based contrast agent that Volume 127, Number 2 • Discussion binds to albumin to give it a longer half-life in circulation. This technique not only gave better image quality but also allowed abdominal, gluteal, and thigh perforators to be visualized with the same magnetic resonance imaging protocol. For breast reconstruction patients, this means that selection of abdominal, gluteal, or gracilis flap can be made preoperatively based on preoperative magnetic resonance angiography. 24 As the use of magnetic resonance angiography and multidetector-row computed tomography becomes more popular, there will be more studies comparing the advantages and disadvantages of both. Patients with implanted defibrillators will not be able to undergo magnetic resonance angiography.
The term "freestyle free flap" was first introduced by Asko-Seljavaara in 1983. 26 She introduced an important concept: any skin island flap could be harvested if a supplying vessel could be identified and dissected out. In 2003, Saint-Cyr et al. and Mardini et al. published their experience of designing and harvesting the perforator flap from the "foliage to the roots" in a free-style manner, based on the preoperative handheld Doppler signals. 8, 9 They claimed that any cutaneous island flap can be raised on their cutaneous perforators regardless of how the source vessel runs. However, the authors also mentioned that information such as location of the perforators, length of the pedicle, and whether the perforator runs in the suprafascial or subfascial level cannot be obtained due to the limitation of the handheld Doppler. 27 The methods of navigation have changed throughout history. One of the most important judgments the navigator must make is the best method to use. The authors of this article are the first to use multidetector-row computed tomography with three-dimensional imaging technique for planning of perforator pedicle propeller flaps. It represents a big step in harvesting of free-style flap because it can demonstrate precisely the position of the perforator and its subcutaneous course preoperatively. I believe the era of the free-style flap has arrived. Areas that need further improvement are advancing three-dimensional image reconstructive technique to study contiguous structure of perforators and the area of flap supplied by the perforators.
